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Description 

The present invention relates to a purification process of pentafluoroethane. and more specifically to a purification 
process of pentafluoroethane by an extractive distillation method using an extracting reagent. 

BACKGROUND OF THE INVENTION 

Monochlorodrfluoromethane (hereinafter referred to as HCFC-22) which has hitherto been widely used as a refrig- 
erant for an air conditioner, refrigerator, etc., becomes an object of the world-wide regulation as a material of destroying 
the ozone layer existing in the stratosphere, that is. as a regulated f luainated hydrocarbon. Thus, pentafluoroethane 
(hereinafter referred to as HFC-125) having the similar properties as HCFC-22 has been watched with interest as one 
of substitutes for HCFC-22. 

Since HFC-125 is usually produced by reacting perchloroethane and hydrogen fluoride as raw materials, mono- 
chloropentafluoroethane (hereinafter referred to as CFC-1 15) is frequently contained in the product as a by-product. 
However. CFC-115 also is an object of the world-wide regulation as a controlled fiuorinated hydrocarbon (CFC) and 
must be separated. 

As one of the methods of separating a fluid mixture into constituting components, a distillation method is the most 
general method. According to the inventors' investigations, however, the relative volatility of a little amount of CFC-1 15 
to HFC-1 25 is near 1 , for example, the relative volatility is from 1 .01 to 1 .02, under the pressure of near 5 kg/cm2 G, and 
hence it is very difficult to separate HFC-125 from CFC-1 15 by a simple distillation method. 

Under this circumstance, an extractive distillation method of performing a distillation by adding to a fluid mixture, as 
an extracting reagent, a compound having a different boiling point than the constituting conrponents of the fluid mixture 
is applied. For example, U.S. Patent 5,082.329 discloses a process of separating HFC-125 from a crude HFC-125 con- 
taining CFC-1 1 5 by carrying out an extractive distillation using a controlled CFC as an extracting reagent The extracting 
reagent is exemplified with 1 ,2-dichlorotetraf luoroethane. etc. and the extracting reagent itself is a controlled CFC. 

SUMMARY OF THE INVENTION 

An ot)ject of the present invention is, tiierefore. to provide a process of purifying HFC-125, witiiout using such a 
controlled CFC as an extracting reagent, by extractive distillation of a crude HFC-125 to separate HFC-125 from by- 
product CFC-1 15. 

As a result of various investigations, it has been found that tiie above-described object can be achieved by extractive 
distillation of a crude HFC-125 containing CFC-1 15 using an extracting reagent having a standard boiling point (I.e.. a 
boiling point under atnK>spheric pressure) in the range of from -lO^C to 100*^0 and being selected from paraffinic hydro- 
carbons, alcohols, ethers, esters, and ketones. 

DETAILED DESCRIPTION OF THE INVENTION 

In the present invention, the above<lescribed extracting reagent inaeases a decreases the relative volatility of 
CFC-1 1 5 to HFC-1 25 to be different from 1 . whereby the separation of the components becomes possible. 

The relative volatility is well known and is defined as a ratio of the equilibrium constants of the constituting compo- 
nents of a fluid mixture. In the case where the constituting components are HF01 25 and CFC-115, the relative volatility 
of CFC-1 15 to HFC-125 is shown by tiie following formula (1). 

(A) = (B)/(C) - mmmmo)] -- (i) 

(A) : Relative volatility of CFC-1 15 to HFC-125 

(B) : Equilibrium constant of CFC-1 15 

(C) : Equilibrium constant of HFC-125 

(D) : Mole fraction of CFC-1 15 in vapor phase 

(E) : Mole fraction of CFC-1 15 in liquid phase 

(F) : Mole fraction of HFC-125 in vapor phase 

(G) : Mole fraction of HFC-125 in liquid phase 

As is clear from the above formula. If the relative volatility of CFC-1 15 to HFC-125 is 1 . tiie compositions of both 
the vapor and liquid phases become the same and the separation by distillation becomes impossible. When the relative 
volatility is larger tiian 1 , the mole fraction of CFC-1 1 5 of the vapor phase becomes larger ttian the mole fraction of CFC- 
1 15 of liquid phase and since CFC-115 is concentrated in the vapor phase, tiie speparation by distillation becomes 
possible. When the relative volatility is less than 1 . the mole fraction of CFC-1 15 of a liquid phase become larger than 



EP 0 626 362 B1 



the mole fraction of CFC-1 15 in vapor phase and since CFC-115 is concentrated to the liquid phase, the separation by 
distillation becomes possible. 

The extracting reagent for practical use is required to have the following properties: 

5 ( 1 ) the selectrvrty is high. 

(2) the solubility is high, 

(3) the standard boiling point is in a proper range, 

(4) the recovery of the extracting reagent is easy, that is, the difference in boiling point from those of HFC-125 and 
CFC-1 15 is large, and 

10 (5) the extracting reagent does not react with HFC-125 and CFC-1 15. 

When a value of the relative volatility in the presence of an extracting reagent divided by the relative volatility in the 
absence of an extracting reagent is larger than 1 or less tiian 1 , it can be said tiiat such an ext-acting reagent has a high 
selectivity. 

15 Taking account of easiness of the separation of the extracting reagent from HFC- 1 25 and CFC-1 1 5 by distillation, 
the standard boiling point of tiie extracting reagent is necessarily to some extent higher than the standard boiling points 
of HFC-125 and CFC-1 15, Practically, it is preferred that the difference in boiling points between HFC-125 or CFC-1 15 
and the extracting reagent is at least about 30^*0, and more preferably about 40'*C or more. Since the boiling points of 
HFC-125 and CFC-1 15 are -48.5**C and -38.7*'C, respectively, the extracting reagent preferably has a standard boiling 

20 point of at least -^0°C. However, the boiling point should not be too high so that a specific heating source is not needed 
and the temperature distribution in a distillation column for separation of the extracting reagent can be moderated. Prac- 
tically, it is preferred that the differerKe in boiling point between HFC-1 25 or CFC-1 1 5 to be separated and the extracting 
reagent is not nnore tiian about 140''C. and more preferably not more than 120''C. Hence, it is preferred to select an 
exti-acting reagent having a standard boiling point of not higher tiian 100**C. 

25 in addition, as the result of investigating tfie solubility and the reactivity to HFC-125 and CFC-1 15, it has been found 
that paraff inic hydrocartx)ns. alcohols, ethers, esters, and ketones each having a standard boiling point of from -1 0°C 
to lOO^'C are preferred as the extracting reagent. 

In tiie measurement of the relative volatility desaibed above, a crude HFC-125 containing about 3 niole% CFC-1 1 5 
was charged in the Osmer vapor-liquid equilibrium apparatus made of stainless steel, and each of the various extracting 

30 reagents was added thereto After tiie liquid/vapor system reached an equilibrium state at a constant temperature of 
20''C, the liquid phase arxi the vapor phase were sampled. The composition of each phase was analyzed by gas chro- 
matography, and the relative volatility was determined by formula (1) described above based on the analytical value. 

The relative volatilities of CFC-1 15 to HFC-125 with various extracting reagents as measured above are shown in 
Table 1 below. 

35 
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Table 1 



5 


Extracting reagent 


Concentration of Extracting 
Reagent in Liquid Phase 


Relative Volatility of CFC-1 1 5 to HFC- 125 




Paraffinic hydrocar1x>ns 








n-Penlane (36)* 


80 


0.4 


10 


i-Pentane (28) 


74 


0.5 


n-Hexane (69) 


79 


0.6 




Alcohols 








Methyl alcohol (65) 


81 


4.5 


IS 


n-Propyi alcohol (97) 


78 


2.1 




i-Propyl alcohol (82) 


84 


2.7 




Ethyl alcohol (78) 


79 


1.9 


20 


Ethers 








Diethyl ether (35) 


58 


1.7 




Esters 








Ethyl formate (54) 


82 


4.5 


25 


Methyl acetate (57) 


81 


4.7 




Ethyl acetate (77) 


70 


2.3 




Ketones 






30 


Acetone (56) 


81 


6.4 




Ethyl methyl ketone (79) 


65 


3.2 



Note: 'Standard tx)iKng point (°C) in parentheses 



35 

As is seen from the results shown in Table 1 , when the extractive distillation is carried out using the paraffinic hydr- 
ocabon having a standard boiling point in the range of from -1 0**C to 1 00°C as an extracting reagent, the relative volatility 
of CFC-1 15 to HFC-125 is reduced below 0,6, and in particular, when n-pentane is used as an extracting reagent, the 
relative volatHity is reduced to 0.4. Thus, by carrying out the extractive distillation using a paraffinic hydrocarbon having 
40 d standard boiling point in the range of from -1 O^^C to lOO^C, CFC-1 1 5 can be separated from HFC-1 25 as a high-boiling 
component. 

It has also been found that when the extractive distillation is carried out using an alcohol having a standard k>oiling 
point in the range of from -lO'^C to lOO^'C as an extracting reagent, the relative volatility of CFC-1 15 to HFC-125 is 
increased to more than 1 .9 and, in particular, in the case of using methyl alcohol as an extracting reagent, the relative 
45 volatility is Increased to 4.5. Thus, by carrying out the extractive distillation using an alcohol having a standard boiling 
point in the range of from -1 0*C to 1 0O'C as an extracting reagent, CFC-11 5 can be separated from HFC- 1 25 as a low- 
boiling component. 

It has further been found that when the extractive distillation is carried out using an ether having a standard boiling 
point in the range of from -10*C to 100"C as an extracting reagent, the relative volatility of CFC-115 to HFC-125 is 
50 increased to at least 1 .7. In particular, diethyl ether is suitable. Thus, by earring out the extractive distillation using an 
ether having a standard lx)iling point in the range of from -lO'C to 10O'C as an extracting reagent, CFC-115 can be 
separated from HFC-125 as a low-boiling component. 

It has also been found that when the extractive distillation is carried out using an ester having a standard tx>iling 
point in tfie range of from -10°C to 100°C as an extracting reagent, the relative volatility of CFC-115 to HFC-125 is 
55 increased to at least 2.3 and in particular, when methyl acetate is used as an extracting reagent, the relative volativity 
is increased to 4.7. Thus, by carrying out the extractive distillation using an ester having a standard boiling point in the 
range of from -10'C to 100*C, CFC-115 can be separated from HFC-125 as a low-boiling component. 

Furthermae, rt has been fourxJ that when the extractive distillation is can^ied out using a ketone having a standard 
boiling point in the range of from -10**C to 100**C as an extracting reagent, the relative volatility of CFC-1 15 to HFC-125 
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is increased to at least 3.5 and in particular, when acetone is used as an exracting reagent, the relative volatility is 
increased to 6.4. Thus, by carrying out the extractive distillation using a ketone having a standard boiling point in the 
range of from -10'C to 100"C as an extracting reagent, CFC-115 can be separated from HFC-125 as a low-boiling 
component. 

5 As described above, by the use of the extracting reagent of the present invention, the relative volatility of CFC-1 1 5 

to HFC-125 can be reduced to below 1 . and preferably to below 0.6 or the relative volatility can be increased to more 

than 1, and preferably to at least 1.7, whereby HFC-125 and CFC-115 are separated from each other by extractive 

distillation and HFC-125 can be obtained at a high purity 

Of the foregoing extracting reagents, particularly preferred are n-pentane and acetone. 
10 In general, as the concentration of the extracting reagent increases, it is more advantageous to make the relative 

volatility different from 1 . In the case of using acetone, for example, the concentration is generally 30% by weight or 

higher, and preferably in the range of from 50% by weight to 90% by weight. 

The foregoing extracting reagents may be used singly or as a mixture thereof. In the case of using them as a mixture, 

it is possible to use those reducing the relative volatility of CFC-1 15 to HFC-125 to below 1 in combination, or to use 
75 those increasing the relative volatility to more than 1 in combination. However, it is not preferred to use an extracting 

reagent of reducing the relative volatility to below 1 and an extracting reagent of increasing the relative volatility to nfx>re 

than 1 in combination. 

By carrying out the extractive distillation using the paraffinic hydrocaron capable of reducing the relative volatility of 
CFC-115 to HFC-125 below 1 as the extracting reagent, almost all CFC-115 contained in a crude HFC-125 can be 
20 discharged from the bottom portion of the extractive distilling column together with the extracting reagent and highly 
pure HFC-125 is obtained as a distillate. 

When the extractive distillation is candied out using an extracting reagent capable of increasing the relative volatility 
to more than 1 . such as an alcohol, an ether, an ester, or a ketone, almost all CFC-1 15 contained in a crude HFC-125 
can be discharged as a distillate from the extractive distilling column and HFC-125 containing almost no CFC-1 15 is 
25 otrtained from the txxttom together with the extracting reagent. 

Then, the present invention is described more practically by the following examples. 

Example 1 

30 In a stainless steel rectifying column having a diameter of 4 cm and a theoretical plate number of 20 plates, a crude 
HFC-125 containing 2.9 mole% of CFC-1 15 was supplied to the rectifying column at a position of the 13th plate from 
the top of tiie column at a pressure of 5.9 Kg/cm2 G and a rate of 0.29 Kg/h, and acetone was supplied to the column 
at a position of the 3rd plate from tiie top of the column at a rate of 2.00 KgAi. A distillate was obtained from the top of 
the column at a reflux ratio of 30 and a rate of 0.05 Kg/h. The results are shown in Table 2 below. 

35 The bottom product was re-distilled to completely separate acetone, whereby HFC-125 having a purity of 99.95% 
(containing 0.05% of CFC-1 15) was obtained. 



Table 2 





Supply of Crude HFC-125 


Supply of Extracting Reagent 


Distillate 


Bottom Product 


Flow Rate(kg/h) 


0.29 


2.00 


0.05 


2.24 


Composition(mol%) 










HFC-125 


97.1 




63.43 


11.154 


CFC-115 


2.9 




16.57 


0.006 


Acetone 




100 


20 


88.84 



50 

Example 2 

In a stainless steel rectifying column having a diameter of 4 cm and a theoretical plate number of 40 plates, a crude 
55 HFC-125 containing 2.9 mole% of CFC-1 15 was supplied at a position of the 30th plate from tiie top of tiie column at a 
pressure of 5.9 Kg/cm^ Q and a rate of 0.4 Kg/h. and n-pentane was supplied at a position of the 10th plate from the 
top of the column at a rate of 2.00 Kg/h. A distillate was obtained from tiie top of the tower at a reflux ratio of 5 and a 
rate of 0.32 Kg/h. The results are shown in Table 3 below. HFC-125 having a purity of 99.93% (containing 0.07% of 
CFC-115) was obtained as the distillate. 



5 
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Tables 





Supply Off Crude HFC-125 


Supply of Extracting Reagent 


Distillate 


Bottom Product 


Flow Rate(kg/h) 


0.40 


2.00 


0.32 


2.08 


Composition(mol%) 










HFC-125 


97.1 




99.93 


2.77 


CFC-115 


2.9 




0.07 


0.46 


n-Pentane 




100 




96.77 



15 As described above, the purification process of HFC-1 25 according to the present invention is an excellent process 
capable of easily removing CFC-1 15 from HFC-125, the separation of which has hitherto been difficult by conventional 
processes. 

Claims 

20 

1 . A purification process of pentaf luoroethane, which comprises removing chloropentaf luoroethane contained as an 
impurity in pentaf luoroethane by extractive distillation using an extracting reagent having a standard boiling point of 
from -lO^C to lOO^C and being selected from paraffinic hydrocarbons, alcohols, ethers, esters, and ketones. 

25 2. The purification process as in claim 1 , wherein said extracting reagent is selected from the group consisting of n- 
pentane, i-pentane, n-hexane, methyl alcohol, n-propyl alcohol, isopropyl alcohol, ethyl alcohol, diethyl ether, ethyl 
formate, methyl acetate, ethyl acetate, acetone, and methyl ethyl ketone. 

3. The purification process as In claim 2, wherein said extracting reagent is n-pentane or acetone. 

30 

Patentanspruche 

1. Verfahren zur Reinigung von Pentaf luorethan, welches das Entfernen von Chlorpentafluorethan, das als Verunrei- 
nigung in Pentafluorethan enthalten ist, durch Extraktivdestiilation unter Venwendung eines Extraklionsreagenzes, 

35 das einen Standardsiedepunktvon -lO^'C bis lOO^'C aufweist und das unter Paraffinkohlenwasserstoffen, Alkoholen, 
Ethern, Estern und Ketonen ausgewShlt ist, umfaBt. 

2. Reinigungsverfahren gemdB Anspruch 1 , wobei das Extraktionsreagenz aus der Gruppe bestehend aus n-Pentan, 
i'Pentan, n-Hexan, Methylalkohol, n-Propylalkohol, Isopropylaikohol, Ethylalkohol. Diethylether, Ethylformiat, 

40 Methylacetat. Ethylacetat, Aceton und Methylethytketon ausgewdhlt ist. 

3. Reinigungsverfahren gemdB Anspruch 2, wobei das Extraktionsreagenz n-Pentan oder Aceton ist. 
Revendications 

45 

1. Proc6d6 de purification de perrtafluoro^thane comprenant I'^liminatkHi de chloropentaftuoroethane contenue 
comme impuret^ dans pentaf luroethane par distillation extractive utilisant un agent d'extraction ayant un point d'6bul- 
lition de -10**C ^ 100*C choisi parmi hydrocartxjres paraffiniques. alcools. ethers, esters et c6tones. 

50 2. Le procM6 de purif icatbn selon la revendication 1 , dans tequel I'agent d'extractbn est choisi parmi le groupe cons- 
titu6 par n-pentane, I-pentane. n-hexane, methanol, n-propanol, isopropanol, ethanol, ether di6thylique, formate 
d'6thyle, ac^te de m^thyle, acetate d'6thyte, acetone et c^tone ddthyl m^thylique. 

3. Le proc6d6 de purification selon la revendicatbn 2. dans lequel I edit agent d'extraction est n-pentane ou acetone. 

55 
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